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ABSTRACT:
Wind-induced roof pressures of low-rise buildings are often measured in boundary-layer wind tunnels. It has been
documented that pressure statistics on reduced-scale building models differ considerably among different boundarylayer wind tunnels. Flow facility capability, model design and manufacturing, instrumentation, test setup and
procedures, and specific data reduction methodology as well as researchers’ experience are among the many factors
that affect measured data and results in wind-tunnel experiments. Considering the aforementioned list of variables, it
is no wonder that results often differ since each variable brings in potential error sources. To identify driving
uncertainty sources in the pressure statistics obtained from wind-tunnel tests, a detailed uncertainty quantification
analysis is performed via Monte Carlo simulation using the NIST aerodynamic database. The work demonstrates
specifically how measurement uncertainty propagates to quantities of interest in a wind-tunnel test. It will also provide
an improved understanding of critical measurements, uncertainty sources, and may reveal hints as to why differences
exist between pressure statistics results.
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1. INTRODUCTION
Boundary-layer (BL) wind tunnel tests of wind loading on building models have served as primary
means to determine the minimum design wind loads by the American Society of Civil Engineers
(ASCE) provisions. It is well known that wind-tunnel results often show considerable
discrepancies even when significant efforts are put into model preparation, experimental setup,
equipment/instrumentation calibration and common data reduction methodology. The variability
of wind pressure data from six wind tunnel laboratories is reported with a coefficient of variation
in the results ranging from 10% to 40% (Fritz et al, 2008). Even with this level of variability,
results are often reported without uncertainty quantification (UQ).
Uncertainty quantifies a probabilistic interval within which a “true value” is likely to fall from
some reported result. If an experiment were to be performed repeatedly under the same conditions,
the observed variation in the result would represent a random component of uncertainty, or that
resulting from the inherent randomness present in any real environment. Systematic uncertainty
components are those that produce a bias effect on data. Systematic uncertainty is easy to overlook
and hard to quantify since it tends to bias an entire set of repeats by an undetectable amount unless
further effort is expended. Even when random and systematic sources of uncertainty are
acknowledged, experimentalists and researchers often publish results without uncertainty specified
because of the additional effort required to perform repeats and statistical analyses to capture
random uncertainty, and an uncertainty propagation analysis to capture systematic uncertainty.
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This not only hinders a fair comparison among different research results, but also hinders an
increased understanding of the driving uncertainty sources introduced at different stages of windtunnel tests. “The uncertainty is as important a part of the result as the estimate itself…An estimate
without a standard error is practically meaningless” (Jefferys 1967 in Higdon et al. 2006). Without
uncertainty defined as part of the results, meaningful comparisons cannot be made between two
tests, or between a test and computational result for validation purposes. Additionally, when
uncertainty sources and their impacts on a result are less understood, ways to effectively improve
tests and increase the fidelity of the results remain elusive. In view that BL wind tunnel test cases
and results are increasingly used to validate computational fluid dynamics (CFD) simulation, it is
imperative to provide uncertainty quantification of the wind-tunnel test data and results.
2. UNCERTAINTY QUANTIFICATION METHOD
This study will estimate uncertainty, particularly systematic uncertainty, in pressure statistics using
the Monte Carlo method of uncertainty propagation from wind-tunnel experiments archived in the
NIST aerodynamic database. The test cases were performed at University of Western Ontario’s
(UWO) Boundary-Layer Wind Tunnel Laboratory, using a 1:100 scaled model of a low-rise
building in suburban terrain.
The Monte Carlo Method (MCM) of uncertainty propagation is a fully probabilistic approach to
UQ in which random draws are made from assumed error distributions for all pertinent uncertainty
sources, errors are added to appropriate seed data values, and data is reduced to results of interest
(Coleman and Steele, 2018). This procedure is repeated through 𝑛 iterations until the probability
distribution of the outcomes is stable and well-defined. For example, for outcome distributions of
a Gaussian nature, convergence criteria can be selected for the sample standard deviation 𝑠 such
|
|
that
0.001, indicating that the nth Monte Carlo sample caused less than 0.1% change to
the sample standard deviation from the previous iteration. A probabilistic interval can then be
defined as the uncertainty in the result (typically a 95% level of coverage). The process is depicted
in Fig. 1. To determine uncertainty source sensitivities, the Monte Carlo simulation can be run the
same way with each uncertainty source being applied one at a time to discover the relative impact
of each on the calculated result.
3. RESULTS AND DISCUSSION
The uncertainty in several variables of interest will be quantified, such as the inflow wind speed
profile, inflow turbulence intensity profile, and building pressure statistics. A sensitivity analysis
of input uncertainties will provide insight into the dominant uncertainty sources. If time allows, a
second uncertainty propagation simulation will be performed for a similar wind-tunnel test by the
Tokyo Polytechnic University (TPU). With uncertainty estimates for both wind-tunnel tests,
meaningful conclusions may be drawn about the agreement or disagreement of the building
pressure statistics. If uncertainty levels are unacceptably high, the sensitivity test results will help
guide decisions being made in the planning phase of an upcoming wind tunnel test that involves a
similar setup to the UWO test. These UQ results ensure the adequate capture of critical parameters
in future tests. Additionally, an uncertainty propagation code will be created that, with a few
tweaks to the simulation, produce uncertainty estimations applicable to other similar wind-tunnel
tests.

62

Figure 1. Monte Carlo method of uncertainty propagation (based on Stephens et.al, 2016)

4. CONCLUSIONS
Wind tunnel tests of building models remain an important research approach to improve design of
minimal wind loading. Using the NIST aerodynamic database, this work will demonstrate how the
uncertainty propagates with given error sources of wind-tunnel measurements. These results may
improve understanding of critical measurements, uncertainty sources, and reveal hints as to why
differences exist between reported pressure statistics.
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